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Abstract. The evolution over time of the retail system's spatial structure in 
an urban area is simulated, together with the levels of zonal sales activity, 
shopping trip ends and interzonal traffic flows, under a variety of scenarios. 
The results, some counter-intuitive, provide some insights into the roles of 
various factors of urban development, including population growth, the transpor- 
tation network, competition for space. and others. 
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1. DESCRIPTION OF THE MODEL 
Over the last few years, several 
dynamic models of urban structure have 
appeared. Among the reasons for the 
current interest in such models is their 
ability to represent such instable urban 
phenomena as sudden zonal growth, (or 
decline,) temporal changes in type of 
spatial pattern, etc. This paper pre- 
sents the development and application of 
a dynamic model of urban retail activity 
location. It is assumed that while the 
retail sector interacts with urban 
activities other than retail, their evo- 
lution over time, in particular that of 
the residential population, is given 
exogenously. The formulation of the 
model is based on the following assump- 
tions: 
a. The demand at time t for inter- 
zonal shopping travel T from zone of 
residence i to zone of shopping j can be 
represented by a standard "gravity" for- 
mulation: 
where t P; is the level of residential 
population in zone i at time t, A$ is 
some measure of the attractiveness of 
zone j in terms of shopping/retail acti- 
vity at time t, (e.g. a function of the 
amount of floor space), and 
sents some measure of shoppi g 
cost between zones i and j. C"B 
repre- 
travel 
is a 
shopping trip rate (number of shopping 
trips per capita per unit time). a( is 
the spatial deterrence coefficient. 
b. The evolution of the retail space 
spatial distribution is such that the 
increments AA; in zonal retail spaces 
over the time period (t;t+l; maximize the 
net, aggregate profit which results from 
retail.sales associate with these incre- 
ments. Thus, the A A; 's are the solu- 
tion to the optimization program: 
AA:- ,< L: -A’-’ V; (3) 
(4) 
where Sj' is the letail sales level in 
zone j, (which is proportional to the 
zonal trip ends), and Cc is 
c 
the unit 
cost of retail space deve opment in zone 
3. The first set of constraints limits 
individual zonal development to the re- 
maining space at time t, L being the 
ultimate, ("carrying capacity"1 level. 
The last constraint requires that the 
overall retail development be consistent 
with the overall population increase, 
being a conversion factor. 
The individual unit cost of zonal retail 
space development is further assumed to 
depend on the level of retail sales per- 
formance of a uiven zone: 
This 
. 
relationship in Lffe& updates the 
coefficients of the objective function at 
each time period. Finally, it is also 
assumed that the travel time between 
zones is a function of the level of 
traffic congestion on the arterial link- 
ing the two zones. (It is assumed that 
there is a single link between any two 
zones, so that the model does not contain 
a traffic assignment component). 
This relationship is similar to the 
standard volume-cost relationship of 
traffic engineering (Sheffi, 1985). 
Since the objective function (2) above is 
obviously non linear and rather complex 
analytically, additional simplifying 
assumptions are made. First, it is 
assumed that retail space developers base 
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their estimates of increases in sonal 
sales over the next time period on the 
sales performance of the zone for the 
current time period. Furthermore, it is 
assumed that such estimates are made by 
: 
applying a "growth factor", based on the 
increase in retail space, to the current 
sales performance. Mathematically: 
AS; =(A$-‘/AAf-‘)AAf (7) 
The objective function (21 then becomes 
are known from the previous 
and since the costs Ct 
allocatsn, 
's are, according 
to (12), a function of the St-' 's, the 
value of the coefficients of the AA) 's 
in the objective function (14) are, at 
time t, known from the previous time 
period. Therefore the objective function 
is linear in the AA& 's . Furthermore, 
the constraints (10) and (111 are already 
linear in the AAc 's . Thus, the in- 
cremental values of the retail space 
allocation from time t to time t+l can 
now be derived as the solution of a 
linear programming problem in n vari- 
ables, and in (n+l) constraints. 
2. SIMULATION RESULTS 
The model was applied to the simulation, 
in a hypothetical case, of the evolution 
of the spatial structure of retail space 
in an urban area, over a 35 year period. 
The initial population distribution, P 
was concentrated in the city center. The 
subsequent population evolution was 
assumed to follow the law: 
55 T t-‘(l.05+alz,)+ 2  (17) 
where z,- and ss are two random variates 
uniformly distributed between 0 and 1. 
This introduces random growth differen- 
tials between zones. 
The initial distribution of retail 
.aal:imy5;=0, EAj"] 
space 
in the notation of for- 
city core: 
was also concentrated in the 
The retail space distribution 
at time t=l, which is also required as 
part of the initial conditions, was 
assumed to be similar to that at time 0, 
with an increase of 15% in the zonal 
retail spaces. The zonal limits on re- 
tail space were assumed to be uniform, 
and equal to 30 times the average initial 
retail space. This assumption, which 
might for instance reflect a "no zoning" 
situation, introduces the least amount of 
bias among sones. The initial conditions 
are represented on Figure 1. 
With the above set of parameters, the 
evolution of the zonal retail space dis- 
tribution, predicted from (91, (lo), and 
(ll), is represented on Figure 2. It can 
be seen that the location of major retail 
centers alternates periodically between a 
central location, and an outlying loca- 
tion. Concurrently, the level of retail 
activity in individual zones appears to 
oscillate over time. This is rePresented 
on Figure ,3. These cyclic patterns can 
be related to the influence of the feed- 
back between the zonal costs and activity 
levels, which may render some Mghly 
performing zones unprofitable for certain 
periods of time, until population growth 
again raises their potential profit 
level. (It is worth noting that other 
dynamic model applications (Wilson, 1980) 
revealed similar oscillations in zonal 
retail space levels were also observed). 
Individual zones exhibit oscillations in 
their level of retail activity, or trip 
ends,as presented on Figure 4. 
The evolution of the interzonal shopping 
travel flows is represented on Figure 5. 
For each time point, the six highest 
flows are represented. It can be seen 
that the shifts in the levels of zonal 
retail activity levels overtime result in 
significant variations in the spatial 
pattern of shopping travel from one time 
point to the next. For instance, it is 
interesting to note the shifts from an 
inner radial pattern (t=6), to an outer 
radial one (t=24), to an inner circular 
pattern (t=30), to a cross town pattern 
(t=36). 
In order to test the sensitivity of the 
above observations on the choice of para- 
meters described above, a systematic 
series of simulations were next 
performed. The results, (not shown 
here), indicated that the distributions 
of retail space and retail activity were 
dependent on the initial population dis- 
tribution, as well as on its type of 
growth. The relationship appears to be 
complex, and mediated by the other para- 
meters describing the urban situation. 
However, the results suggest that a 
regular population distribution, together 
with a uniform population growth 
mechanism, result in less temporal varia- 
tions in the spatial patterns of retail 
activity than in the case above. 
Similarly, the types of interzonal shop- 
ping traffic patterns, as well as the 
nature of their changes over time, are 
also dependent on the specific population 
distribution and its evolution. 
It was also found that when the value of 
the spatial deterence parameter d ’ 
formula (1) is decreased, (correspondi:: 
to a greater acceptance by urban resi- 
dents of longer shopping travel), there 
were fewer "primary" retail activity 
zones in the early part of the simulation 
time period, but more of them in the 
latter part of the period. Interesting- 
ly* the dispersion of retail sones did 
not seem to be affected significantly by 
the change in population evolution. 
Other simulations indicated that when the 
eonal unit prices of retail development 
were made more strongly dependent on the 
levels of zonal retail activity, as well 
as the link travel costs more dependent 
on the link volumes, the development of 
retail zones proceeded more smoothly and 
homogeneously. Also, in this case, a 
primary retail Zone, together with more 
numerous secondary centers, emerged more 
clearly in the long run. Intrazonal 
shopping travel reached a significant 
magnitude in this case, higher than any 
interzonal flow. 
Other experiments showed that the 
specific features of the initial retail 
space distribution have longlasting 
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effects on the 
retail activity 
travel, both in 
subsequent evolution of 
and interzonal shopping 
terms of spatial pattern 
time points, and type types at given 
changes over time. 
3. CONCLUSION 
The results above illustrate the differ- 
ences between the type of traditional, 
static, cross-sectional approach commonly 
taken in urban analysis, and the dynamic, 
evolutionary point of view taken here. 
In the latter case, the interest lies as 
much in the magnitude and distribution of 
activities ( e.g. zonal shopping and 
interzonal travel), as in the character- 
istics of their change over time (i.e. 
rate of change, differentials between 
zones, long term versus short-term). 
From the limited findings of this 
research, it is apparent that a wide 
variety of spatial retail activity and 
travel patterns can potentially develop, 
given different values of the factors 
which influence the retail space alloca- 
tion process. Some of these patterns may 
thus emerge as the result of specific 
policies for urban development and 
transportation. The application of 
dynamic models such as the model 
developed here can help understand the 
temporal effects of such policies, and 
promote their desirable effects, or con- 
versely mitigate their undesirable 
impacts, in a fashion which static models 
cannot. 
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